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PCT/US9S/039S9 

INO-ROVED METHODS FOR TRANSPLANTATION USING 
MODIFIED CELLS AND T CELL INHIBITORY AGE^s 

(c... «c«tio„ of ™„„„ Z^^^t "Z^z r' 777 "■ 

MHC cla.« I ' " "''•11°" C1.M I „d otaM ID 

«.-rj::~:-— ^^^^ 

of the recinieni-c ««ia«on to mask the antigen from noimal recognition by cells 

con«cri„, fte cenrrr"' , T 1 °" altered by 

cnng u,e cells wth a molecuk which binds to the wtUgcn. such « an antibody o. 
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in U.e „cipic„. following W^spl^lT^^^'^t °" ° ^ '>™P'"'=y- 

Summary iTf fhff Tnvcnfiffn 

This invention pertains to methods for transpIantinR cells into «f i 
xenogeneic recipient such that rejecUon of the cells b^^hT ^"°gene,c or 

10 methods Of the invention involve Jdifi^^fono^^^d^^^^^^^^^ 

reduce the immunogenicity of the cells in^ 7 ° transplantation to 

agent which inhibits T cJ^^a^ iv^t^^^^^^^^ ™^ -*P-* with an 

•iioscneic or xenogeneic rccipicnl whereby cells are ire.toi„ri™.. .J • ■ . 
I««. one „Ugcn on ft. cel. snrfac. „d inLbi, „!l^!?r 1 ^ " 

!0 ".ig«.W on U,e surfcce of ,he cells „ t^"" '"' * 

i<nn,un. response .,ai„s. ihc Jl 1 T " °f «"mul..mg m 

or dedvarive thereof (.T°«2^ 1 ' f^T! *""»^«'^' ">ol»"l. is apepdde 
s<rface which is altered Is a„ MHr ■ ^ ^-^oJ^ent, th. antlg™ on tt. cell 

-«rM„cc■a.s/rgt:n"":^Il~:lr"'T^"'"'"" 
re.iiac.4. CtT:zrhi::r? ra^ttirr ""'^^ 

in..i..Tcellac.«,oranan.od.whichd.rnst;i:i«^^^^^^^ 
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1 



Preferably, the agent which inhibits T cell activitv i« 

cyclosporin A. Other irnmunosunp JssTv! T ^S. such as 

6144-? c.,„u • "iiosuppressive drugs which can be used include FK506 and RS 

61443. Such immunosuppressive drugs can be used in • ''ouo and RS- 

cydospom. A .s b«we«, about 1 «d 30 .ngflcg of body wdght per Z 

O*" »P=..t» whicb taUbit T cdl «:tivi5, e„ fce us=d in the method of the 

the subj «n b. to fahibit T cell p„liferatioo fa 

havett. ^v,j.age of bduci.« donor cdl-spocific toteanc. to tb. ,r««pla«od J, ^ 

^ mto dlog«,.,c or ^.^ li^g"^^ 

uimnmosuppiession of the subject. "i=-«>ng generalued 



Brief BwrinKa- -f ^1,^ f > ri Ti1 n r i 

WHHL rabbits Hausplanted with eitiw: I) porcine hq»Mcytes double naslced vritk Pr.l,.. 

^.™t=:L:lr^ hepatoc^es. and subject to .hon te,™ C.WO weCcs, 

WHHL^XLlf^ ' "^"^ *' """""ol over time of 

WHHL rMm transplanted v«th rither: I) porcine hepa»,cyt.s maslced with PfabO, 

ftagmentj of the monoclonal antibody PT.SSnr'ji,, i, j.. """■••WO^J 

.iuglc dose cyclosporin A ,re«m«l ' " 

WHHl!^ '.^ 7 ' "f «rum choJestetol over tin.c of 

V^rabbiu transplanted v.th««,erl)poreinehepatocytcsmas.t.dv^thP(^"I^^ 
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of the monoclonal antibody PT-8S but n». 

cyclosporin A treatment annoody PT-SS and subject to single dose 

5 

"agcn on «,c swflc. uf,kc cell fs",^ '^'^ « one 

«n, <he „eipien, „ ^ ^"'^ -^^^on ,„ 

inblb,. „J.e,ion of *e .J^p^^t Tw b "i' * " 
' «-*c„eicce.,sft„„,eofei«.:::^rit~"-'»^'"-™^ 

-™unei::oi:r:r.':::^^:::::^^^^^ 

-n= speeie») or may be x.no^,i~ r^^'^^^'-^"' ^ ■'"»P"n'«l cell. (i.e.. of*. 

»n,po«,„,,«^,,,,^^^-:;;^^^^^ 

depends in ^K,„ u« nature of ftc agen, „sed7^ "1 of ft. .gen, 

<»n,posi«ons are administered cunKm!! !^, TyPically. fte .wo 
~y. fte eei, and .be agen. 2:2::^'^ T '""^ <«^'- 

-<taims,ered.ftesu«ee.prior.oadn.rj.ton;elr'^^^^ 

One aspeet of fte meftod of die i„™ , . 

•-face of fte eeU » b. ttansp.an,«i p'oT"? T ' " 
foliowhg .ransplanution. .n „ Z^:^ r" ^ 

immune response .gains, fte eell (.ls„ refcZl , ! °° '''"»^»'°» 

«*ninisten=d ,o a subjec. (also refemrf .It^ " "^"^ ""^ «" - 

to here,n as fte ^ipient or hos.). By altering fte 
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5 recipient i„,e*^ ^ ^ pZ ZZt7 ""JT" ^ ""^""^ ~" <o . 
-"S™ c™ induce ideological nc^^o^^rc^'^"^ T 'h' 
-^foiy production «c.) wlrich aft ulZ^ T*' «" 8«»"«im. 

n«dc «, a donor cell anUgen which reduce Ji^Jr^ «"con,paases chan«« tta, are 
■n^rferc with immunologicd recognition 'fTT T"* 

Scneratcd a. a „.„1, of al,e«,ion TtJ^^ ^ T' ^ ""j"" « 

" "taination of the and««, o7th"d!l J^f " °« ""^ ™l-de 

»ch..ve immunological no„,espo„siven«a may be neccssao. to 



^tigens to be altered &ccnrri' 
"11 Which can intcnu. with a hcmato^c ~ T'"" °" ' 

' « «P~ific immune ^.pT^tl" T"" " 

.uteracHon between the »,.igen a«J d,e CZ™ T , ' " 1*= 
(= 6., mediated by soluble fac„„ wWchtl 7 

l.umor.1 mediated) or. p„fcb,„ u.ii^T, """'^ '" '"'»«°P»««c ««. ".g., 
present on the surface of fte J:Z^::^':Z:Z^ " 
Phrase "hematopoietic ceU- is i„,enL rin^d t.- T '"'^^ ^ 

other antigen p^enHng cells. In a preZ^ HT""""' ^ ™™ocytcs 
mteracL, wiu, , t ,yn,phocy,e in u,e ™"'°<'™en^ the antigen is one which 

on the surface of a T lymphocyw). "^'"y W-ds to a receptor 

In a preferred embodiment t).^* o*,*- 
o.- i antigen. MHC Cass .Zge^ J^;^.: « " MHC 

i-une response, self MHC molLuTe^oTj" " ' 
■~=p.cr (TCR, on the surface of self Tl!^!!" "^'"^ " ' ^ cell 

«nog™.ic cells, fo,eig„ mHC antigens taLlTT' '"°8nilion of allogeneic or 

on donor cells are recogni^ W^'t JZ^ ' ' '^'> 

-Poose. MHC class I antige J„„ a C „TI' ^ T » i™"- 

by T cells In an allogeneic or xenogeneic hi" 7 '° **««.gnidon 

»hich is nom,.lly ,ccogniwl by dfe T *' "^"^ 1 antigen 

-cognition of the MHC class I Ligen^ " "o™"' 

"MHCclass.an.ge„whichise4s.d"rTe:,r;!:r::^^^^^^ 



wo 9SJZr*74i\ 

donor cc-spcciflc T eel, no„ r^^^^r T'°:' *° 

cells which receive an h^^^ 1 " 'ha. T 

^ bi^n. .0 an MHcir-^lT^T^r^l^^r ' 
hy B7, bccooK an«gic rafter U«n a«,v,L ""^ " ""'Vided 

ion, periods of ,i™ (s^ ..^.ZZZZZ"^ T7 " 
7«:5096-5100;Lesslaueretal flgL^r rT '^^''^^^^^ 

Koulovaera,. „9„,y IT'^' 

at MM 89:4210-4214). ' o'"^- J>oc Ar«/. ^coj 



dendrite cells. L«,gerhan^T.^^ "T^ <"""'""'' » ™=rophages, 

«.d Which ^^^^^ ZZJZL^LT """""^ °" T 

ecus can he altered. O Jd^ ecnlrT"" °' «"°«"o- 

20 conWbutt to rejection a doZ^ > T *" ^ *°« 

.vi..of.hein.erac.io::=tr:rr:r:~ 

Exan,pte orprefcm=d alTZ ^ " > T «=")■ 
respectively, on t cells. By al^;^ 

ICAM-1 or a similarly ftactio^ Jet^r; "! " 7" """" " ""FAO. 

Interact with the donor „1, i, red^d al ' ^ TV/ ' ^ '° "'"^ 

cells found within blood vesse^^^^' T . '""^ ™ '""oftolial 

- --.--an.ci,ir:'::r:rr.~i'::z^^^ — ^ 
on.pa:^„r:^r:^r::::rdrr™'""^^^^^^^^^ 

-™pl.. d.e donor cell ^be ^ 2^:^^ Ttll "^^ «• "or 

35 to He detected (c... MMC ^^ereacXM.: f^l ^ rrr"^ 

antibody with «,c coll can l« ,„easu^ed Z 2 , " 

«ow cytometry etc.). ' l"hn.,ue (e.g., unmunohistocheniistiy. 

respons:srrc::°r:orrceT:^°°rT't 

niact th cell with a molecule which binds to the antigen on 
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moleeul. to f„, ,3 'P'"" <■ '■• Ih' =eH •» conteccd with u,e 

Which is „o, capable of f„in. c„„o,l^" " , ''-"We 

in conJ™c«o„wio,VdZrchi^^^^^^^^ 
acid ^sidoo, 0.C Fc ,cgt, w t *"-«'vely. 

f^'-ure 332: 73,-740) c™ be muuted «, ^iucc. 'I-l L """" 
•bill.y Of an inucl wMibody Lil,™i„ . """Plemenl-anivatiBj 
» nccc^a:, for binding o,0,e Pc -eZlrr;!!''"'' T" - 
Mortso„(,991)^&^,A„^ ,.,"'°''^"<'~''S-C»fleld.S.M.andS.L. 

M7:2«7.2««)cana,»bc„uut ?l"'„Te,Lt; 

•ntibody is 10 be used. "^^ '='=P"' "ndinj if an intact 

an antibody can be ™„oved by treaZl T P-nion of 

- Incubated with in,m„bi,i^ pcXZllTIJ ""'^ 
i-'obiH^.d proton A coluntn, ^e ^ctp^'Tn °* """"" " » 
ft^-ents passes thtough the eoluntn. Thrpfal " *° ""^ "'"''•J^ 

HPLC or FPLC. F(ab')5 fiatm^T^ T ^ °" P-^Aed by 

fegmems. """^ •-""-"Wfide bridges .op,«iuccF.b. 

"""'^y''" fragment or derivative thereof t-k 
■tenved front polyclonal aniiser. ... ! " mttgen can be 

" -..iget. Prefe„.b,y. the anHbo^t. Zn"^^ Tl^' " ™ 
Polyclonal and monoclonal antibodl. VaT^cT,^ " '"^ "» "-iS" 

•n. Fo, exantple. a n,a™n»l. (e.g . L^l r""^ ' '~'^'"« 
"«Scn or With a cell which e^re^m^r " * 
".ibody response ...ins. JZ^tCT ^T.T *° '"""'^ ™ 

" .gen in the n,.„,m,J. Al..n„tively. dssue or a whole organ 



wo 9S/26740 

• ft PCr/US95/03959 

which expresses the anticen can . j 

i-n»no.«,y c„ b. „^ ^ ■» Pl»>n« or sen™, s.=„d«^ aiSA or 

immunize an.i.Pn. be obtained »T ifT Followi„e 
5 Top™,„ee„,o„„e,o™,tt„^';l'?"/-'«'='='°'-"«'-'-^^^^^ 

Won procedures thus i™,or«lfei„g d«s. e^,It 7m """^ 
•«tai,ues « ™" ylcld-ng hybridom. celb. Such 

developed by KoWer and Milsttin ((1975) ""SimJly 

■0 -b „ u.e hu.™ B^ell bybridle .^'L t^*'"^''^'7'> " - «her .ecj,ues 

«dtheEBV.hybrido™tecW™e,oolu I "'••'■'"^ 'W'V 4^72) 

(.«5)«o,oe/o«,^„^^rrclTte "r.r™''"'^'"'''"^'"''^^^^ 

used. Hybrido™, cells can be JZ l^, Allen R 8,1,3. ,„c.. p,,^ ^ ^ 

speciflCly «„,ve wift ,he ».igc„ „d^r7 T " '"-^""i™ "f antibodies 

Another method of geZS," "■•i'»<«=s isol.ted. 

»g=i»s, the „.ige„ Is ,0 scr::^~ °' '^'^ ftas-ents, reectiv. 

P«nio-« thereof, expressed in becLi, »ith ZT"?.™"''"' i»>n.u«.glob>.ll. genes, or 
'=»-Pl«eF.b6eg„„„B.v„„gi„„ » "'"'i"" '■.en»n. For example 

expressed in bacteria using X^'l^ r^' "'"^^ '"^ 

> We 341:544-546: H J^^ff ~ ""tr ^ard etal.. („„) 

(.^90)We34,:552-5S4. M^Z'^T^C^'T'"'""-'^*''--^^^^ 
antibodies, or fiag^ents ftereof (available ;°!,™"TT " 
"inding specificity which are „„dc by th ese^Tb^^ '■>"™''™'' 
■toner cell. ''">°"i>«» can be used to alter an antigen on a 

when a donor cell with an antibody bo^ ft « »'i™n"«ered a human ,„bje« (.,g„ 

~ ^sponsc against the an^o^y ^ 11™ '^"T' " ' ""^ '""'-^^ " 
mtnimi^ng or .li™in.„„g problelTLt 7 ^ for 
deHvatives. i.e.. antibody molecules rjl" °' """^^ »'"'°''y 

antibodies and portions which ^::XrCh''°"'°"' '"*™'* """^"-n 

"."iecules c«,i„clude, for example. r^t^H-Tr'"''"'-"''"'^'"''''^^ 

«. or other.speci.s,.wi«, human co;lr~r ,^^ 

'hnnenc antibodies have b«,„ describT siT """^ °f »PI»o«*es for making 

Publication EP17I496: European Pau=„, Puhit . ■, ™^ " " • 
21770963. For use in .hera,^„,ic!^ '°° "T"'' 

donor cau antigen not contain an Fe^Z " T ""^"^ •» Iter a 

P rt,on. Th»».ahm„.„^F(ab)2,ragmentinwhich 
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•wording to fte ^o'-; (, 582)). „d „ p^^^y 

>o '""*tcT;fT""''- ^"^^ ' 

« =o™«rci.,ly available Fort^r " *«« 

Typa Cu.»„ Collection ^TCC HbTs t .W. f ' " ^ '^-«> 

' 5 lyn-phocytc membranes and binds >„ HLA A hT! •""^'W 

oommereially available from Vairi.!^. " Totowa, NJ „12I • 

^0 ™s antibody ™s raised agZ tT^^ltr ''r'"" '^"*"™"'- '"^^ ' 
"tig«« from several diffe^n, spXfe " '''-'^> ■"«• "i"* <o class I 

antibody can be obtained from AMAC in!" m!' T' ^ ""i-'CAM-I 

•« ""-ined from ti,e Amerfean Type Cu^Z' ^"""^ """"""S "«-I-FA-3 
A soitabl. antibody, or fi,™e^„^^ ""Vl-nd. 
identified based npon i« aWmy^t:^,:;:— - ^= 
■«noB«»ie eells using . s«b „ ^. ZTT or 

•"'bcdy (or antibody fr.gn,e„„ int^^'^^^K '° ^™P'«- Briefly. ti,e 
"om remperamre) cells or tissue^I V^?"*"" « " 

.way. The cells ortissue are fl,e„ tiansplanST 
"> "n-body prematinent to inhibit or prevlTl "" "'y of the 

-e^mUncd by mo„iti,rin« for r.uX~ro;,' "^''""^ " 
It is preferred that an antibody, or fagit o T'" 
" -""iS" have m afilmty fcr Wndina^s <" -to-vauve thereof, >,hich is used to 

-antibodyoro.hcrtnol.culelbin^Tl.ttr'"?"''"'''""'*^- ThefHrntyof 
' '^Oniques (se. Masan. D.w. and WiMi'. 7 " '!!!,"" conventional 

a^UbodytobetestedisJabeIed^vithIl2T^,, 187:1-10). Briefly, the 

mc^asing concentrationK until equHibriuml, t? rT'" "^'^""^^^ ^^^g^n «^ 
-ntibodyj/ifrce antibody) versus [boundrtlTf . «iaphicaily as [bound 

(Scaichard analysis). ^^'''^'^^ ^'°P« of the line is equal to the 2 
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Other molecules which bind to 

■Merfere mO, the imeraclion of ihc an.i~„ «H,h T ' * ■ 

™.»ol„gi„I nonrc5po„s1ve««, 1 «" Md induce 

CD2 (i.c.. c™,;,ri3i„, ^ ^iZ ZZ 'rCDr ^ «™ °f 

<=y«.pl«mic d„„,al„) can be used to .„rrFT , ^ T ' '™"™n"»n= or 
donor „11, in . banner analogous « a„ anr'n "".^ '° '""'^-J on 

■0 can be used .o -.er ICAM-, on ITS^T'^ J^^f"'"' ' 

-"dard recon-binan. DNA proc«Jun« I"". t ™ ™"« n»de by 

DNA encoding «,e ligand onco.;!^:?,:^:?' "-"^'■^ 
"--.brane and cytoplasmic J^^T^^JT^ ■ '"^ "'"""^ 
ex„ae.llul.r don,ain of .he ligand can be L^^/ T """" '^"^ 

> ' ■.«-.d. Which can ^ he isoiaJ Soluble i^"^,^ " ' 

"ceptor on fte donor cell suflici«„ «, k / ° ' ' ""W^ 1» 

i-unoiogica, recognition and taduce n^r """" '° '"""^ 

-ipi-. <..g.. preferably, the affinity fo" biZ." 7", T " » » 

.east .b„„ ,0-7 M). Additlondly. I "lubt, '1 T "' " »' 

« contprising the receptor binding ponion of *e . P™™ 

protein. For e»np,,. „ i^mXlob:," tiln^t " ■»°*"^"" »' I»«*on of a 
dontain. or fiu,ctio„al portion of CW or LFA rr^™ " 

"'Sion (e,g., the hinge. CH2 and Cm " ^ ^'^">^'""' l>«vy ch«n 

<gOI) can be us«.. Imntunogl^bulin ^r^?"""" °? '™»og,obulin such as 
« tt.e teachings of Capon. D J. e, a. (m« Z ,,T "^f"- 
5.ll6.964toCaponandI.asky. 222.525-531 «,d US. P.te« No. 

Another type of molecule which ^.-k. j 
c.«s , an.ig„, , - ^ -d to aiter .„ MHC antigen Ce.g., and MHC 

interaction of MHC antigen with a T I„ \ '™ 

peptide mimics a „gi„n of ^c.l'r^T::'^- Ac soluble 

ean be used to ^u, J^":^^'"'*'^ «« MHC antigen. This peptide 

^ *e MHC antigen. Such a ^ZTj^,^^ ^/f (■>» • T lympho'e^) 

specifically recognized by a pott^on of th. ^c!, '^'^ " 

" MHC class , antigen), .he^by alt^n^.^, „ Lc T 7' ' ^ *° ^'"-^ "f 

Of the ^ T cell t^optor : r "^^^ 

region of a T cell sutftce molecP, ..k,.. "■""■"""'en', the soluble peptide 

inimics a 

CD. molecule which contacts an XWC cC w ' '^'''■> "f 

contacts an MHC class 11 anUgcn. For ex J„ ' ' -""'"-le wWch 

1ph-3 loop of an MHC class , ^l^^!!' ° .* ""^ ' -8'°" of the 

an-gen can be used to inhibit binding to CDS „ the antigen 
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thereby inhibiting recognition ofthe antigen by TcelJ. T „ 

been used to inhibit MHC class l-restrictcd imlLe ««Ptor-derivcd peptides have 

(1 993) Transplan, Proc. 25-477.478r^d T ' S ' Clayberger. C. et al 
injected subcutaneously into the recipient ("lerc G°'"it '""^ 

5 .9c,. 90:9872-9876). ^ (1993) /Toe A'a//. ^cad! 
An antigen on a donor cell further can ,u j u 

Which btod ,o ttc «„„ or difre^.ttZTp'* ~<> ~ -"O" "h>'=cu1cs 

MHC cto , „ttB„ai.s can be ^,"1 W -"f"'"' »«- 

types of 

»«b<.di« Which can be usi jrhlt?r° : "^""-MHC class I 

>5 F„, e«„,p,e. «,„ antibodies, each d II """^ =^ ^ ""^ '"^ 

■ ".body and an '^MCJ^T^Zt^Z V ""^ ■ " ""-^^ 
of molecules, each binding u, a dild «""Wna,ion or two different types 

»d MHC Cass ..binding pep. ^HiZLr , T ■ " ' »«^* 

•he entire donor ceM or tis^Z^jLtT^^^^' ^'^nBed against 

- -'on.-.crn,.tip,ece«s::~^^ 

-.».i;rrpr.:::rr:c:itdr"r"^ 

-y. BHefly. one monoelona, ^t^^- " .^1^!:^"°'^"'' ' ^-"'"^ 
"Ogen. The ability of the unlabeled sel^ f ^ed to stain cells which express the 
U.e first labeled „,„noc>onal ^ii^y7^^°°'°"l'^'^ '■'°'«'-'' <>' 

«cond monoclonal antibody binds « d^e . °° " 
-.ibody. the second antibody l^^^ """"■^ °" """^Sen than does the firs, 

"tibody .0 tte antigen. ^ ""^""'r tohibi. the binding of fte fir=. 

0 -orcei.'rz;.r:irr:zrrrr"'™'-'°-°""-^^ 

<wo differen. molecules J^ZZZZT " '° """^^ «» "<* « 1- 
wi* leas. «™ molec^tSlrth '.T"^ *^* "^^ ^ — 

«lministering ttte cell to a recipient (TZ u ' '^'"'^ 'o 

example. c.,, can be incub^^^u * m"' 'T'^!^ "o' 

conditos Which allow binding ofZl^lZTt '^"^ 

"■olecules can be ^noved. Follo^ "17 ? 

n-olecules remdn bound to ,he 0^^°" '""^ ' 

toterfete with immunological JZZT^ . ' 

recipient ^ "o^' "Us and induce non-responsiveness in ,he 
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Alternative to binding a moleeuU u 

<hc rcc,p,c„t For .«„,pfc. , of . I^.Tm?^"-'''^" <» ft. *»», cell i. 

■0 »UB« c« to be tewed Inu. ge„„„„ „?. r^'"* ""^ f°™ of A. 
by horologe™ «comb.„..i„„ (,„ „p,ac,Z ellr " " 

Cell, from ^ non-h^LiJ ^r*;*""- 

W"«ge„ on U,e donor cell 
" '"^■8 ... level of expression on <h. surfe^rof * 7 ''^ ''-'>™»°'""«in« or 

be«reen the „,ige„ , ^. . ■'-"or eeU sueh U,e i„„,ac.i,n 

of surfaee expression of „„e or'n.^ ™'r:r " " '"''^ «^ -"--i". «» level 
^jn .he donor e.,1 ^d fte l,e„,a.opJ*^X . '-"-i™ 

tf» .r«sc„p«„„. ' <»1' «n be do»,.„^^„^ t 

■.cc,eeses.rf.eecxprcssio„„fu,e„™=^'f"«f Agen,sw«eh 
"7^' °^°"-8".c vin„« have brd^„t^ "T^**" ""^ «»-Pfe 
.nfeenx. c.„s (see c.,.. T^vers «. (,r80, r.^t"*"' "^'C class I expressio^ 

'■a« I expression can be acWeved us n, fZll . ^" 'ff«=' ™ MHC 
7^ For example. «„sfcc«o„ of cuto^Zf inu., 
.I.m,na«„n of s„f„e MHC cl«a , J^^,^"^ of adenovirus cause, 

^6«,53.,,.4,ror purposes of de"r;,^nr,~"''"''^^ 
v.^ ^ no„.i„fec^^^^'^;'7 H?'""™ °" '^''^ 

Atamaively. ae level of an «,« ' "nT 7 " '° 
«Pp.ng fte antigen. Capping j, , " °" *° «=« »«ace c«, be =l,e«, b„ 

.=ac.ivaU„nof sur^jra^^Hot^^^^^ - o^antibodies .o cause agg4«ion 
"..body specifle for an .„«ge„ u. be afte^ " f ' ' " » 
^".Plexes. Subscucnuy, fte .issue is Tu^J^, ■«'8«>-«body i™n,une 

.".mun. complexes with d,e fi„, antibodrT. ! ' '""^'^ '^'^ 

ftc firs, antibody is .gg„ga,.d » f„™ , cJl ! r ' 'l''^"""" "«ibod, 
»cW,u. Of capping is well kno^Z\7C2 T.""^'^'^''" 

"^"^ cells are incub.,ed witi. . ^L, IfST* ^HC cLs I 

nrst antibody (e g,. WS/32 antibody. PT85 
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aggregation. "'t'-'no«se antibody, to result in 

To mhabit rejection of transpl«,ted cells and to achieve immu„«Ioa- , 

1 0 removal (e g., sequeswtion) or destn,clio„ Jt , t "° "^^-l" i" 

ftmctionl such ft., * ' T I '^'""^ « in a non- 

peripheral blood T cells lymphocytes -n. ""'^mpasses mature 

A preferred agent for use in inhibiting T ceil activitv in • 
immunosuppressive drug The term "in,^ ^ '^"P'*'"* " 

pharmaceutical agents which inl^^orTeZ"' r " " ^"^^"^^ 
immunosuppressive drug is cyclospol A ^ 

JO used include FK506 and RS-61443 .„" « ''*"V.™"""°-PP«««ve drugs which can be 
administered in conjunction with atl^t ^'^^ immunosuppressive drug is 

agents which can be admil^d^^ r^^^^^^^^^ ^''^^^ional therapeutic 

n-ihyl prednisolone and dexamethasoneMrf t «^ prednisone, 

and cyclosphosphamide) ln2^"Zi / ^'^^^^^'^-^^ (e.g.. azathioprine 

^ — eredinLjuncL:"::^^^^^^^^ 

.mmunosuppressive drugs are commercially avatbleTe 7 T'^^^^ '"'^^^'^ 
Sandoz, Coq,., East Hanover, NJ). ^ "^^'^'P^"" ^ is available from 

An immunosuppressive drug is administer«H in o . • 
with the route of administration S^t^^Z f ^ -hich is compatible 

• injection (either as a single infusion ^.r? / '"""^''"" '"^'"'^ 

intraperitoneal injection.ttrt ^r^^^^^^^^ 7 ^ over time), 
injection, the dn,g can be dissolved in aTvl, n «travenous 
buffered ..aline solution) which i.^teri.e and l^''^ ' ''""^"^ ' « 

can also be prepared in glycerol lill T f l^ispersion.s of dnigs 

Convenient rol ^J::^:!^^ ^ — -reof and inlils. 

the art. For example, cyclosporin A can bcTdr ^"^"PP'*"'^^ ^lug^ are known in 
or-ally. intn^peritoneally or illutll "^^^^^^^^^^ in^avcnous.y in a saline solution, or 

An i-munosuppressiveTItlrm^^^^^^^^ " " ^"'"''^ °^ 
sufficient to achieve tL desired Zpeut eZT " 7^'""" " "'"^ " ^ 

therapeutic effect (e.g.. mj^bition of rejection of transplanted 
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"•igl" p.r day. mere p„f„b,y i^^, ZT TT " " "S** """"ly 

value, „.y va:, ^ t^Zs^^l^'" " " ^ """^ *»' "-".Sc 

individual. Do„,e regtac^^ ™,y ^^ZZtT ""^ 

,c. fort, herein e,empl^rj^ri """'T ^"^ ">« dosage 
of to cWmed composition. ™ •» scope or p«,„ee 

In one embodiment of the invmii™ . • 
»ubj.e, transiently for a sufficient time """"""""""^'ve dnig is administered to a 

20 subject. Transient -dministrarn "f .^7"*:" '° 

long-tem, graft-spe^ifl, tolerance in rZr™ T""'" ""^ f"-- 

to induce 

r.„„pW,on 52:545: H^chtCriTnl rf " 
(1979) I„n„, 2:123: Hall et »I. (,9,S)^ ^Tj^ 1 '''' "•'"^"-'•''<'- 32:210: Green «al. 

»d.e,„bJ.c.e«,beginpHor.oLp^^:„o;t' r.^:"-"'-^^^^ 
" -f ■dminisfation can L . fSZ,^' ""° *° ~™Pl=. 

<ranspl.M„io„, Alternatively dru. .d™ T *' °" '^'= 

days teenerally „„, '^'J^^'TZ ZT ""^P'-ntation or a 

drug is continued for sufficient time to indu» d '^'"'""^■^ Adminis,n„ion of d« 
3ucb that donor cells „i|, continu" t a^e^t^T T"^'"' '""P-' 
° ceases. For example. ,he drug c«^ta^^, ,^r"~''''"'""'''" 

*«e months following f^spC^n'*^:^::'!:' " « or as Ion. as 

-«k bu, not more one month foMoZr^ " «>' « one 

"-P<«..cd cells in a subject is l^Z^^'T^""'"""- »l=™ce to U,e 

IransplaitedUssuecanbedeteimin.H- "PP'«s»'« drag has cea.«d. Acceptance of 
•he ^nsplanted .issue or by biZ orl.7.^ " «™Wng 
for example, acceptance ofpanZli! l^rr^ """""^ ""'^-^ «^ 
production, acceptance of liver cells can be detetT ''°"™'"'* "^■'S i-M" 
acceptance of neural cells can be detenni- , 1'™ fimction or 

''"™»"d by assessing „eunj ceU funcUon. 



wo 95/26740 

- 1 5 - PCT/US9S/03959 

rcdpien.. A„,ftodlcs which are «pabr^ ^ '» • 

dcpIeSng „ab„di« i,^„j, n,onocl..r„nr ^"f'-^ Tell- 

--table (e.8,. An,cric„ T^Z^c^ « l™™ ,„ ft. „ 

» anUbody to surface .n«gc„s on a T cell cl 1"^" " >' ™= """"""e °f 

™d/„r des«,cUo„ of T cell, i, a subj„, b, llT »" cell, ta a subjec, 

deplcin, anybody which binds ,o J^t,^ m "V^""'' ' ^ ««- 

(=*. ricin) or other cytotoxic molecule ( Ta „^ ^' ""^'^"^ " 

5 T celu upon bi„di,« of tl« antibody ,o U," r „t " "^'"^ "f 

.u.>ctra:ry:r°^;r?:cr.'°^^^^ 

«g«nst a T cell growth factor, such as tL.2 o7! t .T " '^"^'^ 

2 receptor, c, inhibit proliferation of T eriu " «» 

be administe^d to a recipient to inhibi7^i"„w; " """"^^ «> 

(1992,Ar,„„„,„„ Additi^rK T <=" <=■!• Wood « al. 

"Ubody can be coadntinis^^l^l'^^ " ■^""-^ " '^■«-2 receptor 

-ibody ce... Which binds . a s^r:;?!?;!:; "^""'^ ""■^^ 

.'"sptaution. Anybodies .re p.SZ^ I! "J""''" "P-n 

e«^.ab.e earner or diluent (e.g, a s.«i,. sal^oJ^'TT ^ 
begn,pHorlotiMsplantaUon(es o„etof.v.H '^"'"^ "taWstration e«, 

•n . daily basis a«er tr^tsplamal I Z^Z^T°'T T^'^^^ continue 

Uansp,.n.«ion). A prefetred dosa^^^tr ' " 

Object is about 0, 1 -0.3 n,g*g of body^il^ " "•ibcdy to a huntan 

•»«body (e.g., a bolus at a doLe o^blfo " « "ngl. Wsh dose of 

. hun,an subject on the day of"!^,^",'; " '"'^"'"^ 

d.p.«i.g T cells theUphZb^ ^'::::*3r "'""""'^ ~ ^ 

blood samples taken fton, U,e subject before L J T " ""'^ ^ •» 
- be adjusted over time to provie .he oITlt ' " "^"^^ 

individual need and the professional jud^^^ ^/'""""T'^"' "^""-^ "> 

graenlofU,ep„o„^i^,^^^ supervising A. 
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administration of the compositions Do., 

m. II — f.^. ^,^„,^,^, 

Cells having at leaa one surface ~ri».».l. j 
.».u,s. ..,og«,e,c or xc„og«,eic cclh. r^*""™™ " "'cited 

•toinlstcicd to a subjec. by any aroR. Jl. ^Ix-tti. A cell can be 

.oeaUon in fte s„bj«.. 'K^rC: T ^"'^-^ ~« •» ■ 

3ubcu«,eo,.s,y. in.»„ n;:::.';^'" '^""^««~' i».~veno„,y, 

'^'e)orin.rapeH»„eally. 
" buffet saline solution Celtr •"l'"'""'"*-"^ "-"patible 

" ■"«•» ^ ---Planted into . s Jbl.!^l ? ' " 
.c «iministe, the cells ,„ ,be subject. " '" *° '""J'"" ™vc„<io«al techniques 



^ansplantaa^el'^y'^^^""^^ '^^^^^ '» ^ W= "f cell which is suitable tor 
20 transplanted to another subject). TH. cd 'crh^b " "'^'^ " " 

•""•-""■■""'"-Porcinecells. ^^T'"- ^ '^-'^ ''"^^ ^-^^ 

-cell. Which can p„,vide a thcntpeutic ^ZTJI ""^'^ 
"''"='"'''="'-""'«s(c.g,n,,^blasts„;!:"T'r^°:^ 
cells, neural cells and hentatopoietic cells ^7^^ ° * 

pancreatic islet cell, can be IransnlB,,^ y^' IS-. Duchcnne muscular dystrophy) 
- be ..ansplan,., into a sub^^;!" "^'^ 

W cells can be transplanted into a su^^tt^^ b^ T ^ ^ °' "'"-e. 

'"'•^'cMes.crolen.i^ h«n„philia B or ilh „td .17 '=* 
««.pl.n.ed into padents with """'opoietic cells can be 

be obtatned, for exatnple. fton, brain dead <LnJ^"T '''"^'■■■>"' "ver tissue can 

no cells c«, be dissociated by digestion t^I T °" «««h pigs 
washed by cemrifugation (at m '7lZ Z"^' " "<« 

2^ "r*c liver cells (e.g.. MHC cl^sTa^,;:^,'*^^ ^' ™= ™ 

^'"™™°f*'"'i«=nW.c.llsa«.dn,W,3;i^^^^ Hollowing 
-cptcntpatien. to another en,bodin«„, nl^^'J"'^'.*''""^ ^i" to U,e liver of the 
•bonus) ate treated to alter a surfccc andglrd^ ° ^ " » 

for the treatment of Parkinson's or Zti^''^"" °' n.u«,„s .re 

or Huntington's disease, respectively. ,„a„<^„ 
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embodiment, muscle cells can be ohteini-H j 

donor or 6o„ . b™„ acad done it^. m Ju""" ' °" "'^-^ 
incision. The ft.* .„sclcp.u,lTu Juy^^^ 

suitable ™i«:„le. e.6 ncptidel to b. u^T^ »f antibody fta^^ („ other 

M.^,= ce„sare.,™:cn,rir.r;Cu^^^^^ 

Of muscle, e,g.. an eldeHy patient with severe ntusek """f 

of a patient afflicted with Becker's or Duehcnne 

muscular d tr h ^ Sroup 

invet^ior^rltfel^C— " '^^''^ i^"-' Jagent according to the 

Ti-eco^biirr*:^:',,'^^ rt;:;r:'™'' 

".spiantation of allogTnJ^^J Ll*™^:^"'*-^-^^ "i*- for 

effective ^ either alteration of donl c" TZTl '"^^ " """^ 

» T ceU inhibitory agent alone. " '"^>'"< *i* 

This invention is further illustrAterl K« *k« r n 

— onsci.ed.L?h:~ri~^ 



wo 9S/26740 



, 1 g , l*CT/US95/03959 



fCi porcin. «H«.. cells LJ^^l^^lZT' ' '"""^ °'*^ 

PT85 FCb'te ta,„ a,e t^^" «*« "i^c'ly or after 

of four immunosuppression mod.litf„- n„o,r """""'J' «»iened to one 

""«n.n, only; 3) PTM P(abOj »e.o,e„, ^^7'"''""'°°' 
FCb')2 ttea«,„t F.„ „onAs .fJ^l^T^ ' «y«losp«in A and PT85 

>5 brains were .,.„,ined hisiolo^X^ """" '"'"''^ *' 

PT8S F(«W1 ""'"W""* for P«»„ce or .fame of the grafts. 

Pun-fled ^U^J^ZrZ'T"":' "^O''"- - fo,W.,. 

^ours. The cn-d^ digeTll'CTCT ■""!.''"' ^ O 

7.0 binding buffer. Tl« an«bod7m^^° "'"'^'^ »" 

20 and U,e eluie was eollccd for ft. T . '""""'"^ ^ 

saline f„ 24 h using 50.000 molecull t,ZulT„^"'' T' "^^^ "^"^ 
ligest of coniaminating Fc fragments CmImT^ " """^ 

coneenttation of 10 mM 71,.^™ ? . "'■'J'^' hag at a 

2S ^".swasachievedbvusin a;!^r;^r^,7* «nal puHfication of the 
removal was demonstrated in an In . ° completeness of Fc 

was followed with the addition „reZ """""^ "^"^ '° ' «" 

was measured by chromium reW " "^"^ 

target cells 

"tibody «^.m.nt,Lrc ^cI^jTbO mtTs " ^ 

"-■.eO away and the cells were resulndrr °"„'"- *'en.en,s were 

'5 site in the recipient tals. - '"o were then transplanted into the lesion 

3dminis!^™ii';Zeo«"7a;;tii!rotrsT 
w-.ep.oncyeiospori„,Lre:'::,:;:r;:;:ir"^^ 
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Data for graft survival from five difFpr^nt - 

rom live difFerent expenments are shoxvn in Tabic 1. 



TART F I 



No, Viable Cells 
^2SBL Tr""=p''"1tfd/Rnr 
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80.000 

ISO.OOO 
150,000 
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Hepatocyles were isolalcd ftom ihe Iiv«. l„k T\' 
5 originally des^b^ ^ g Friend D Sm«« 7^""*'*^'°" 

« 1. 0*94) Transplantation SlAnt iZ^ZT 2*2.26..2,27: CJerlach, J.C. 

.cb. or ,00-200 g was ^.^Z^Z^r:'"^' A 
(BBSS) totou. Mg2* „d containing oT^MP^^rt^' «'"«'■'" 
'0 penicillin (100 U/nU,. .„epu,„ycin OO^^tlrarj-C 1; ''^ 

perfusion of complete HBSS conainine coll . ''5' » ««>n<f 

HBPBS. pH 7.4 and penicir.^^^^^";: r^-^""' '« 
softening of U« organ occu«d. The ttL r. ? "^1 vfaible 

The digc««, liver lobe was ihen Xa^v dT ^ ™«"' ''-2" ">'-««. 

5 wash^l several times in DMEM^^tlfT *° "'"^ 

.enm..,4-c. "')™°'"1>» media contaimng 1 0% heat inactivated calf 

were then collected and couniej v 
«..n..g «,d was rontinel, greater C cTv' , J " "'"^ •■>■ 
Perl50.200g,.be. Thep^ty ^".tcy;. /^^'^ ^ 

> "nmu™,fl„orescence for class 11 bearing noH' '°" "*'^"'"""' 

•C) complete HBSS and Umversity" wroTs^n!:'™'' - (- 

Cell, were transplanted wiUtin 5 ho I'don '° ""^P'^^Son. 

''(•l''>2 Cragments were prepared from . I, 
PO-ineMHC class I as described Exa^p"? ^ specific for 

by SDS polyacryiamide gel eiectrophorf T -messed 
^*CS Scanning was utJilZ d^nl'T'"'"* "^-"^ ■» S-^r than 
r«r«red to saturate all sites on hepatocyte! """"^ ""('"'^ 

Penods Of 0.5 to 2 hours. ntraUon of hep^to^^'T '^'"^ "f'* 

duration at 0.1 pg of antibody per J^'T °»«<»'«=» yielded 50V, 

lower thaa found on porcine lymphocytes ,°" ' 

MHC class I expression on hepatoL, b~ ..ports of 

53:««J-M.. For double maslcL, ""P:'^:"' ° '- « W^,a„„L 

1-T85 were used in combination wit^^"^^ ^, monoclonal antibody 

8e"ereted against porcine MHC cl^Tm *° «»"»x'5' '"J. 

""body 9.3 was raised against po"l„^ wrc ' ^^^^^ "^"fi""^. -onoel^al 

then «.sed with mouse ntyLZ^^ZZ: 
fleeted by reactivity w,u, porein. ^^^ Z ^' •-XWdomas were 

hybndom. was cloned by limiting diluUon ThT ^ """^ '^Phoeytes. n,. 

1<»PP«. Themonoclonalantibody9.3re.cK»"* 

teacts wth poreme MHC class I. The q,it„pc for the 



monoclonaJ antibody has been sho^vn to be on the alpha-3 domain of MHC class 1 (the aloha 

procedure for generating F(ab')2 fragments of the monoclonal antibody 9-3 was the s^e as 
S that for generating F(ab')2 fragments of the monoclonal antibody PT85 

follnw,""*^ ''^'r^ ^^P^^^^^" P"°^ ^ transplantation was as 

excess of PT85 F(ab)2 fragments prepared as described above (1 ^g of antibody oer 
approxm,ately 1 million cells) in PBS for one hour at 4-C. A soluL om!h. T 

loZ^l^^^^ iTr, °1 ^^^"'^2 concentrations of about 

cage, llie peritoneum of each rabbit was incised and the portal veins exposed Pordnr 

were ™ „„T'. PAGE a ^ , » '"-'"S >',^- S».pl» 

used ™r »"»™in were 

op.r.U« ^b?"' """" " pre "1 fos, 

gnome k,t #352. S,™m coUcrton, were n«de fton. non-feaed ™n.als 
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using a morning bleed time for consistency. The serum M,as stored frozen and had undergone 
one round offreczc/thawpriorio assay. All serum samples were assayed at a 1:1 orl-2 
dilution with physiologic saline. 

The following experiments were performed: 

w^th P lir transplanted with porcine hepatocytes double masked 

with 9-3 F(ab )2 fragments and PT85 F(ab')2 fragments, masked with PT85 F(ab')2 fragments 
or umnaskcd porcine hepatoeyxes. These rabbits received cyclosporin A for two weeks The 
percent serum cholesterol in serum from these rabbits over more than 60 days post 
^ansplantation was measu, ed. The results of this experiment are sho^^ in Figure 1 . Figure I 
demonstrates that transplantation of masked hepatocytes. when used in combination with 
cyclosporin treatment, resulted in reductions in serum cholesterol levels of over 20% for 6 
weeks m 4 of 7 of rabbits witlx no return to pretransplant levels following cyclosporin A 
removal at two week,. Of die three unsuccessful cases (R4046, R40S3. R377S (not shown)) 
one showed no reduction in serum cholesterol and had no albumin secretion. In the otlicr 
eases cholesterol levels returned toward pretransplant values after sever.1 weeks. Absence of 
long te™ reductions m cholesterol in these cases are due to a less than 100-/. success of 
grafts. The grafts are judged unsuccessful if a reduction in cholesterol is not seen in a rabbit 
Z^IT T ''^^"^^ ^'^^^'^ unsuccessful grafts is eliminated, the success 

2> " " 6 weeks) for graffe in the 

rabbits receiving the combined masking and cyclosporin treatment is approximately 70o/.. 

Fr 1^ ""^^^ transplanted with porcine hepatocytes masked with PT8S 

F(ab )2 fragments or unmasked porcine hepatocytes. These rabbits received a single dose of 
cydosponn A on the day of surgery. Th. percent setum cholesterol in serum from these 
rabbits over mox* than 20 days post transplantation was measured. TTie results of this 
experiment are shown in Figures 2 and 3. Figure 2 demonstrates that rabbits transplanted 
with m«ked porcine hepatocytes and u-eated with a single dose of cyclosporin had lower 

'rjent ' masking/Single dose cyclosporin combination 

treatment was more eftcctive than masking uithout cyclosporin in the same experiment. 

In sum. transplantation of masked porcine hepatocytes into the portal vein of WHHL 
rabbus. When combined with cyclosporin treatment, resulted in a decreL in sel 

rabbitT °' '"'"'^ ""^ ^»^'^'"«^«>^ ^-um from 

Tf r^h r !l '""^ - ereater than 50«/„ 

of the rabbits treated with cyclosporin A and continued to function for 60-100 days The 
reduction in serum cho.esterol is due to the LDL receptors provided by the trans^anted cells 
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5 Other embodiments are within the scon^ «f ti.- • 

^..igcs „„ s^face Of " »^ - . 

conocting the entire tissue wlih » „ ' ""''^> by 

' '---^nitHetu.t^rjroZi^^^rzt^^^^^ 

AltemaUvely. when a cell is . ">»'«<=>'le which binds the anUgen). 

C...S , -«^) can be^tXpe^rro"^ MHC 

(e,g. .n«hody, which hind., to th Ltt^An orTcl:! " T"" " 

»..od:x"::::z;tte:;c^^^^^^ 

nuidifled cells can be transpll^ T """^ ' ^""-"y 

-bject. Cells can b. g^Z^^lTl"^' '° P««iuct to the 

-id encoding the gJp^«L:l :e, r'"' "^^^ 
recombinant vims (. z re.™!? T "^"^ i"fcct«l >vith a 

.od.llve.theh™ange„e^.or::rorlr:"zra^^^^^^^^ 

I^itcTlTd"''"'''™'''™'-'^"^^^^^ 

e n-cleic add molecule . g WaT 'IT ''T"!'. « 
molecrtc introd„.^ .r.: ™A) Into the cell. The 

nucleic acid 

RNA molecules. OenL^ ^2 """"^ '° ""'"-^ "<i functional 

desired gene prod^tThe su^liri" ""'""te » 

one Which Juce, .he e^^s^^ " ! T"^". « 
gcneac ntaterial ^-codes^^^*'^""' '7"*" 

P™.u« ,0 be sullied to ^ "'^-'^ '^O^c gene 

A nucleic acid molecule introduced into a cell i, f 
a.e cell Of the g«,c product encoded by the rieic a!ii a T *" "^''"^ 

molecule include, coding and rc.ul.torv 1 • '^"""''"Sly. nucleic acid 

l^rtion thereof, and. wh« J^^^'Z^T " ' 

praduc. encoded by the gen. Re™i„ " °' """"ion of the gene 

«id molecule incM. pCote^ tt^r'TV 

P «>l>«n=ers and polyad«,yl.tion signals, as well as 
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Men.. «<,«„c^ f„, „,,„^i„, „ ^ ^ ^ 

Nuclc«,dc sequence which regulate exp,e«lon of a gene product (e.g., p„„o>e, and 
chancer sequence,) are sel«,.ed ba«d upon the ,ype of cell i„ ^ch .he «e^ p„d„c. is tT 
3'™'"'''^ '=«'°'«P«^-»''f'k'^ep,od»c,. Forcxan^,.,a 

^ u^. A p„mottr ,pec,fic for myobla« gene exp„«,ion can be linked ,„ a g«e of 
el»,e«s »h,eh are kn„™ in .he m include upMrean, «g,o„, fion, .he dy«ro^in .le 
Hauschka ( ,89)«o/. CW/a,„,. »:2627, «,d uoponta gene (Mar Jd CWahH^gg, 

elcmente fo,pancre«,c .sle. cell-speeine expression; various neural eell-speciflc ra^t^^ 
element, i^luding neural d,sUophi„, neura, enolase «,d A4 amyioid pr^Z^T " 

var,.,, of d,ffe,.n. cell ^rpcs, such as a viral regulator, elemen.. c«, be used Examples of 

:rr::j:o.-;r— ^^^^^ 

90 S603.S607). synthetic hgand-regulatcd elements (see. e.g. Spencer DM etal n99t^ 
Lw * 6^'87-195(19«7)). Inanotter 

rcrz;is'^;::::r„:;::::^^^^^^ 

non. the nucleic acd encoding the gene product is inserted into the viral 
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genome (or a partial viral genome). The regulatory elements directing the expansion of the 

A. lmr»H....j.. tif Nirril f ^^ij fnfr ^'i-li- 

1 W;ic,,„ CaPO,: Nrted DNA c» b= tattod«=ed into cells bv f»n,i„= 

) P-n»«eco™^„i„gU«DNAandc.lc,u„,phc.spha... For ex^ple. . ffiTS-^^T 

.6.40 or „«.er s«„<Urd 1 '"2- 
ftli""-^"" ""'"'""'^ i>£<£-</«..o,: N*ed DNA c» be imroduced i„u. celU by 
pate. DEAE-dext™, iransfeefon n only wUcrf,le to in vllro modification of cells B,d 

but i, r „^,^e';:^„r' --^•^'^ p^^-. 

ry Press. (1989). Sections 16.41-16.46 or other sla™s.rt lrtK.r«or, manuals, 
pulse. Tie e^^yw^J^^^r;^ f^:""^ *' *° ' 

r^B;^~-t:Zor::,trnr'"r~ 
-..pesa„dison...pp,icab,eto...„::rr:;ci^r::,z"™^"'°' 
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« J. (eds.) g™,» PubLshmg Assoctae^ (1989). Section 9.3 ™d ta Mol...,l.,ri„.,' '„ 7 
L .to . ..rvM . n,.l^n ri Fdi, in . . San,b™.k « d. Cold Sprin, H^hor^^f^^^ 
^ (>'»')-S~t,n„sI6.54.16.55or.*„st3«l^,abo«u.o'm™uals. """"^'^ 

used to stably (or transiently) transfect cells in culture («,/o.„ p,.,„„,., 

X'^-.nsn.ie.injec.edrvry^"::^:;::^^^^^^ 

5 ^-'^•■«-M.99,,Ar..„332:.lS-,H.W„,ffe,al.n^2::^^^^ 

Sue "T^ ' into cllls ,n JoHX^^T 

Such „ .pp„.,„, „ com.„c„=i.lly available (e.g., ft„™ BioRad). 

6. lUccpmr-Mediamd DNA Upiake- Naked r)M» „ i t ■ 
' complexina the DKA . • . ""^iucod into cells by 

ondcc^tsis't^^ olTdHX r^^ ™^ recepto^ediatL 

.cep.orand,Hea.;u,orco;rern™:;f.r;;t^^^^^^ 

capsids which naturallv A\J . ^ "NA-Iigand complex linked to adenovinis 

V. used to at^c^l oTo 1 r k'""' '"'^ =''°>'"- ^ 

cuHci e. ai. ~;r r;,^^^^^^^^^ 

^codJc/. US4 90-2122 2126) R . '"'^ " "S". t-nsttanoetal. (I993)/>„<; 

A 90.2122 2126). Recep,or.m=d,at«i DNA uptake can be used to introduce 
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DNA into cells either ir, vitro or in vi^ and, addiUcnally, has the added feature Oiat DNA can 
be seJectively targeted to a particular cell type by use of a ligand which binds to a receptor 
selectively expressed on a target cell of interest. 

Generally, when naked DNA is introduced into cells in culture (e.g., by one of the 
transfection techniques described above) only a small faction of cells (about 1 out ofloS) 
typically integrate the transfccted DNA into their genomes (i.e.. the DNA is maintained in the 
cell episomally). Thu.s. in order to identify cells which have taken up exogenous DNA it is 
advantageous to tnmsfeci nucleic acid encoding a selectable marker into the cell along ^th 
the nucleic aeid(s) of interest. Preferred selectable markers include those which confer 
re«sumcc to drugs such as 04I8. hygromycin and methotrexate. Selectable markers may be 
mtroduced on the same plasnud as the gene(s) of interest or may be introduced on a separate 

An alternative method for generating a cell that is modified to express a gene product 
inyolvmg mtroducing naked DNA into cells is to create a transgenic animal which contains 
cells modified to express the gene product of interest. A transgenic animal is an animal 
havmg cells that contain a transgene, wherein the t«nsgene was introduced into the animal or 
an ancestor of the animal at a prenatal, e.g.. an embryonic stage. A transgene is a DNA 
molecule which is integrated into the genome of a cell from which a transgenic animal 
develops and which remains in the genome of the mature animal, thereby directing the 
expression of an encoded gene product in one or more cell types or tissues of the transgenic 
ammal. Thu.,, a transgenic animal expressing a gene product of interest in one or more cell 
types wxthm the animal cax, be created, for example, by introducing a nucleic acid encoding 
the gene product (typically linked to appropriate regulatory elements, such as a tissue-specific 
enhancer) into the male pronuclei of a fertUi^ed oocyte, e.g.. by microinjection, and allowing 
the oocyte to develop in a pseudopregnant female foster animal. Methods for generating 
transgenic animals, particularly animals such as mice, have become conventional in the art 

Trrl'^"^^^ " 4.870.009 and Hogan. B 

et al.. (1986) A Laboratory Manual. Cold Spring Harbor. New York. Cold Spring Harbor 
Laboratory. A transgenic founder animal can be used to breed more animals carrying the 
^ansgene. Cells of the transgemc animal whichexpress a gene product of interest can then 
be used to dchver the gene product to a subject in accordance with the invention. 

Alternatively, an animal containing a gene which has been modified by homologous 
reco„.b,nat.on can be constructed to express a gene product of interest. For example, an 
endogenou.. gene carried in the genome of the animal can be alten=d by homologous 
recombination (for instance, all or a ponion of a gene could be replaced by the human 
homologue of the gene to "humanize" the gene product encoded by the gene) or an 
endogenous gene can be "knocked out" (i.e.. inactivated by mutation). For example an 
endogenous gene in a cell can be knocked out to prevent production of that gene product and 
then nucleic acid encoding a different (preferred) gene product is introduced into the cell To 
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create on animal with homologously recombined nucleic acid, a vector is prepared which 
contains the DNA which is to replace or interrupt the endogenous DNa flanked by DNA 
h mologous to the endogenous DNA (sec for example Thomas. K.R. and Capecchi, M. R. 
(1987) Cell ^:S03). The vector is introduced into an embryonal stem cell line (e.g., by 
electroporation) and cells which liavc homologously recombined the DNA are selected (see 
for example Li. C. et al. (1992) Cell fi2:915). The selected cells are then injected into a 
blastocyst of an animal (e.g., a mouse) to form aggregation chimeras (see for example 
Bradley, A. in Teratocarcinomas and Embryonic Stem Cells: A Practical Approach, E.J. 
Robertson, ed. (IRL, Oxford. 1987) pp. 1 13-152). A chimeric embryo can then be implanted 
into a suitable pscudoprcgnam female foster animal and the embryo brought to term. 
Progeny harboring the homologously recombined DNA in their germ cells can be used to 
breed animals in which all cells of the animal contain the homologously recombined DNA. 
CellB of the animal containing the homologously recombined DNA which express a gene 
product of interest can then be used lo deliver the gene product to a subject in accordance 
with the invention. 

B. Viral-MediftfgH ^Tflne Transfer 

A preferred approach for introducing nucleic acid encoding a gene product into a cell 
is by use of a viral vector containing nucleic acid. e.g. a cDNa. encoding the gene product. 
Infection of cells witii a viral vector has the advantage that a large proportion of cells receive 
the nucleic acid, which can obvimc the need for selection of cells which have received the 
nucleic acid. Additionally, molecules encoded within the viral vector, e.g., by a cDNA 
contained in the viral vector, are expressed efficiently in cells which have taken up viral 
vector nucleic acid and viral vector systems can be used either in vitro or in vivo. 

1. Retroviruses: Defective retroviruses are well characterized for use in gene transfer for 
gene therapy purposes (for a review see Miller. A.D. (1990) Slood 76:271). A recombinant 
retrovinis can be constructed having a nucleic acid encoding a gene product of interest 
inserted into the retroviral genome. Additionally, portions of the retroviral genome can be 
removed to render the retrovirus replication defective. The replication defective retrovirus is 
then packaged into virions which can be used to infect a target cell through the use of a helper 
virus by standard techniques. Protocols for producing recombinant retroviruses and for 
.nfeeting cells in vitro or in vivo with such viruses can be found in CWnt Prntn^^U 
MQlecnlnrPiolo cy. Ausubel, P.M. et al. (eds.) Greene Publishing Associates (1989) 
Sections 9.10-9.14 and other standard laboratory manuals. Examples of suitable retroviruses 
mclude pLJ. pZIP. pWE and pEM which are well known to those skilled in the art 
Examples of suitable packaging virus lines include vCrip. yCre, ^,2 and H'Am. Retroviruses 
have been used to intr duee a variety of genes into many different cell types, including 
epttheliai cells, endothelial cells, lymphocytes, myoblasts, hepatocytes. bone mam>w cells, in 
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vitro and/or in vivo (see for example Eglitis, et al. (1985) Science 230:1395-1398; Danos and 
Mulligan (1988) Proc. Natl. Acad. Sci. USA 85:6460-6464; Wilson et al. (1988) Proc. Natl. 
Acad. Sci. USA 85:3014-3018; Armcntano el al. (1990) Proc. Natl. Acad. Sci. USA 87:6141- 
6145; Huber ei al. (1991) Proc. Nail. Acad Set. USA 88:8039-8043; Feny el al. (\99l) Proc. 
Natl. Acad Sci. USA 88:8377-8381; Chowdhuiy ct al. (1991) Science 254:1802-1805; van 
Beusechem ct al. (1992) Pruc. Natl. Acad Sci. USA 89:7640-7644; Kay et al. (1992) Human 
Gene Therapy y.64\ -647; Dai etal. (1992) ?roc. Natl. Acad. Sci. USA 89:10892-10895; Hwu 
et al. (1993) J. Immunol. 150:4104-41 15; U.S. Patent No. 4.868,1 16; U.S. Patent No. 
4,980.286; PCT Application WO 89/07136; PCT Application WO 89/02468; PCT 
Application WO 89/05345; and PCT Application WO 92/07573). Retroviral vectors require 
target cell division in order for the retroviral genome (and foreign nucleic acid inserted into 
it) to be integrated into the host genome to stably inUoduce nucleic acid into the cell. Thus, it 
may be necessary to stimulate replication of the target cell. 

2, Adenoviruses: The genome of an adenovirus can be manipulated such that it encodes and 
expresses a gene product of interest but is inactivated in terms of its ability to replicate in a 
normal lytic viral life cycle. See for example Berkner et al. (1988) BioTechnlque.s 6:616; 
Rosenfold et ol. (1 991 ) Science 252:43 1 -434; and Kosenfeld el al. (1 992) Cell 68: 1 43-1 55. 
Suitable adenoviral vectors derived from the adenovirus strain Ad type 5 dl324 or other 
strains of adenovirus (e.g.. Ad2. Ad3, Ad7 etc.) are well known to those skilled in the art. 
Recombinant adcnoviroscs are advantageous in that they do not require dividing cells to be 
effective gene delivery vehicles and can be used to infect a wide variety of cell types, 
including airway epithelium (Rosenfeld et al. (1992) cited supra), endothelial cells 
(Lemarchand et d. (1992) Proc. Natl. Acad Sci. USA 89:6482-6486). hepatocytes (Herz and 
Gerard (1993) yroc. Natl. Acad Sci. USA 90:2812-2816) and muscle cells (Quantin etal. 
(1992) /-roc. Natl. Acad Sci. USA 89:2581-2584). Additionally, introduced adenoviral DNA 
(and foreign DNA contained therein) is not integrated into the genome of a host cell but 
remains episomal, thereby avoiding potential problems that can occur as a result of 
insertional mutagenesis in situations where introduced DNA becomes integrated into the host 
genome (e.g.. retroviral DNA). Moreover, the carrying capacity of the adenoviral genome for 
foreign DNA is large (up to 8 kilobases) relative to other gene delivery vectors (Berkner et al. 
cited supra; Haj-Ahmand and Graham (1986) J. Virol. 57:267). Most replication-dcfectiv 
adenoviral vectors currently in use are deleted for all or parts of the viral El and E3 genes but 
retain as much as 80% of the adenoviral genetic material. 

3. Adeno-Associated Viruses: Adeno-associated virus (AAV) is a nanirally occurring 
defective virus that requires another virus, such as an adenovirus or a herpes virus, as a helper 
virus for efficient replication and a productive life cycle. (For a review see Muzyczka el al. 
Curr. Topics in Micro, and Immunol. (1992) 158:97-129). It is also one of the few viruses 
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that may integrate its DNA into non-dividing cells, and exhibits a high frequency of stable 
integration (see for example Flone et al. (1992) Am. J. Respir. Cell Mai Biol 7:349-356- 
Samulskietal.(1989)./ Virol 63:3822-3828; and McLaughlin el al. (1989) J Virol ' 
62:1963-1 973). Vectors containing as little as 300 base pairs of AAV can be packaged and 
can integrate. Space for exogenous DNA is limited to about 4.5 Icb. An AAV vector such as 
that described in Tratsdun ct al. (1985) Mol Cell Biol 5:325 1-3260 can be used to introduce 
DNA into cells. A variety of nucleic acids have been introduced into different ceU types 
using AAV vectors (see for example Hermonat et al. (1984) Proc. Natl Acad. Sci USA 
81:6466-6470; Tratschin et al. (1985) A/oi Cell Biol 4:2072-2081; Wondisford et al. (1988) 
Mol Endocrinol. 2:32-39; Tratschin et al. (1984) j; Virol 51:611-619: and Flotte etal 
(1993) J. Biol Chem. 268:3781-3790). 

The efficacy of a particular expression vector system and method of introducing 
nucleic acid into a cell can be assessed by standard approaches routinely used in the art. For 
example, DNA introduced into a cell can be detected by a filter hybridization technique (e.g. 
Southern blottme) and UNA produced by transcription of introduced DNA can be detected 
for example, by Nonhem blotting. RNase protection or reverse transcriptase-polymerase ' 
Cham reaction (RT-PCR). The gene product can be detected by an appropriate assay, for 
example by mimunologieal detection of a produced protein, such as with a specific antibody 
or by a fimctional assay to detect a functional activity of the gene product, such as an 
enzymatic assay. If the gene product of interest to be expressed by a cell is not readily 
assayablc. expression system can first be optimized using a reporter gene linked to the 
regulatory elements and vector to be used. The reporter gene encodes a gene product which 
.s easily detectable and. thus, can be used to evaluate the efficacy of the systel sj^ 
«porter genes used in the art include genes encoding P-galactosidase. chloramphenicol acetyl 
transferase, luciferasc and human growth hormone. 

^odlfi T"^"^ "^"^ *° """^'"^ '«ults in 

Ae cells (e.g as « often the case when using a viral expression vector). Uie modified 
popula ,on of cells may be used without further isolation or subdomng of individual cells 

7^1T 7 "^^ '"^"'^"^ °f P«>d-t by the 

population of cells such that no further cell isolation is needed. Alternatively, it may be 

des^ble to grow a homogenous population of identically modified cells from a single 
^l!Zi bv ; ' ' ^"^^^ '^""tion cloning 
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C . Other Methods fnr Modifvinf r^|| „ ^^ p nc PmHi.r. 

Alternative to introducing a nucleic acid molecule imo a cell to modify the cell to 
express a gene product, a cell can be modified by inducing or increasing the level f 
expression of the gene product by a cell. For example, a cell may be capable of expressing a 
particular gene product but fails to do so without additional treatment of the cell. SimUarly 
the cell may express insufficient amounts of the gene product for the desired purpose Thus' 
an agent which stimulates expression of a gene product can be used to induce or increase 
expression of a gene product by tlie uell. For example, cells can be contacted with an agent in 
vitro m a culture medium. The agent which sUmulates expression of a gene product may 
function, for instance, by increasing transcripUon of the gene encoding the product, by 
increasing the rate of translation or stabUity (e.g., a post transcriptional modification such as a 
poly A tail) of an mRNA encoding the product or by increasing stability, transport or 
localization of the gene product. Examples of agents which can be used to induce expression 
of a gene product include cytokines and growth factors. 

Another type of agent which can be u.sed to induce or Increase expression of a gene 
product by a cell is a transcription factor which uprcgulaies transcription of the gene 
encoding the product. A transcription factor which upregulaies the expression of a gene 
encodmg a gene product of interest cai, be provided to a cell, for example, by introducing into 
the ceU a nucleic acid molecule encoding the transcription factor. TTius. this approach 
represents an nltemative type of nucleic acid molecule which can be introduced into the cell 
(for example by one of the previously discussed methods). In this case, the introduced 
nucleic acid does not directly encode the gene product of interest but rather causes production 
of the gene pmduct by the cell indirectly by inducing expression of the gene product 

In yet another method, a cell is modified to express a gene product by coupling the 
gene product to the cell, preferably to the surface of the cell. For example, a protein can be 
obtamed by purifying the cell from a biological source or expressing the protein 
recombinantly using standard recombinant DNA technology. The isolated protein can then 
be coupled to the cell. The tcm« "coupled" or "coupling" refer to a chemical, enzymatic or 
oAer means (e.g.. by binding to an antibody on the surface of the cell or genetic engineering 
nf Imkages) by which a gene product can be linked to a cell such that the gene product is in a 
form suxtable for delivering the gene product to a subject. For example, a protein can be 
chemically crosslinked to a cell surface using commercially available crosslinking reagents 
(Pierce. Rockfortl IL). Other approaches to coupling a gene product to a cell include the use 
of a bispecific antibody which binds both the gene product and a cell-surface molecule on the 
cell or modification of the gene product to include a lipophilic tail (e.g.. by inositol phosphate 
linkage) which can insert into a cell membrane. 

In yet another embodiment, a recipient subject into which altered cells of the 
mvention are transplanted is al.,o treated with a T cell inhibitory agent to further inhibit 
rejection of the transplanted cells. The T cell inhibitory agent inhibits T cell activity For 
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example, the T cell inhibitory agem can be an immunosuppressive drug. A preferred 
immunosuppressive drug is cyclosporin A. Other immunosuppressive drugs which can be 
used include FK506 and RS.61443. Such immunosuppressive drugs can be used in 
conjunction with a steroid (e.g.. glucocorticoids such as prednisone, methylprednisolone and 
dexamethasone) or chemothcrapeutic agents (e.g.. azaihioprine and cyclophosphamide) or 
both. Alternatively, the T cell inhibitory agent can be one or more antibodies which deplete 
T cell activity, such as antibodies directed against T cell surface molecules (e.g.. anti.CD2 
anti-CD3, anti-CD4 and/or anti-CD8 antibodies). 

EOUTVATPNTg 

Those skilled in the art will recognize, or be able to ascertain using no more than 
routine experimentation, many equivalents to the specific embodiments of the invention 
descnbed herein. Such equivalents are intended to be encompassed by the following claims 
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CLAIMS 

1. A method for transplanting a cell into an allogeneic or xenogeneic recipient 
subject such that rejection of the cell by the recipient subject is inhibited, comprising: 

a) administering to the subject a cell having at least one antigen on the cell 
surface which stimulates an inmiunc response against the cell in the recipient subject, 
wherein the at least one antigen on the cell surface is altered prior to transplantation; and 

b) administering to ihc subject an agent which inhibits T cell activity in the 

subject. 

2. Tlie method of claim 1. wherein the anUgen is altered to modi^ an interaction 
between the antigen and a T lymphocyte in the subject. 

3. The method of claim 2, wherein the cell is contacted with at least one 
molecule which binds to the antigen. 

4. The method ofclaim 3. wherein the at least one molecule which binds to the 
antigen .s an antibody, or fragment or derivative thereof, which binds to the antigen but does 
not activate complement or induce lysis of the cell. 

5. The method ofclaim 4. wherein the antibody, or fragment or derivative 
thereof, is an F(ab')2 fragment. 

6. The method of claim 2. wherein at least one antigen is on MHC class I 
antigen. 

7. The method of claim 6, wherein the cell is contacted with at least one anti- 
MHC class I antibody, or fragment or derivative thereof, which binds to the MHC class 1 
antigen but does not activate complement or induce lysis of the cell. 

• !^To "^'"'"^ ^' '^^''"'^ """^ anti-MHC class I antibody is 

an anti-MHC class I F(ab')2 fragment. 

p. u.^ 1 TTie "lethod of claim 8. wherein the anti-MHC class I F(ab')2 fragment is a 
F(ab )2 fragment of a monoclonal antibody selected from the group consisting of W6/32 
PT85. a monoclonal antibody which binds an epitope bound by W6/32 and a monoclonal 
antibody which binds an epitope boiind by PT85. 



wo 95/26740 



-34- 



PCT/US9S/039S9 



1 0. The melhod of claim 6. wherein the cell is contacted with at least one peptide 
which binds to an MHC class I antigen. 

11. The method of claim 2. wherein the agent wliich inhibits T cell activity is an 
immunosuppressive drug. 

1 2. The method of claim 2, wherein the agent which inhibits T cell activity is at 
least one antibody, or fragment or derivative thereof, which depletes T cells, sequesters T 
cells or inhibits T cell proliferation in the subject. 

13 . The method of claim 1 2. wherein the at least one antibody binds to a T cell 
surface molecule selected from the group consisting of CD2, CD3. CD4 and CDS. 

14. The method of claim 2. wherein the cell is human. 

15. The method of claim 2. wherein the cell is non-human. 

16. A method for transplanting a cell into an allogeneic or xenogeneic recipient 
subject such that rejection of the cell by the recipient subject is inhibited, comprising: 

a) administering to the subject a cell having at least one antigen on the cell 
surface which stimulates an immune response against the cell in the recipiem subject 
wherem the ai least one antigen on the cell surface is altered prior to transplantation; and 

b) administering to the subject an immunosuppressive drug. 

17. The method of claim 1 6. wherein the antigen on the cell surface is altered to 
modify an interaction between the antigen and a T lymphocyte in the subject. 

18. The method of claim 1 7, wherein the cell is contacted with at least one 
molecule which binds to the antigen. 

19. The method of claim 1 8. wherein the at least one molecule which binds to the 
antigen .s an antibody, or fragment or derivative thereof, which binds to the antigen but does 
not activate complement or induce lysis of the cell. 

20. The method of claim 1 9. wherein the antibody, or fragment or derivative 
thereof, is an FCab')2 fragment. 

21. The melhod of claim 17. wherein at least one antigen is an MHC class I 

antigen » 
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22. The method of claim 2 1 . wherein the cell is contacted with at least one anti- 
MHC class I antibody, or fragment or derivative thereof, which binds to the MHC class I 
antigen but does not activate complement or induce lysis of the cell. 

23 . The method of claim 22, wherein the at least one anti-MHC class I antibody is 
an anti-MHC class I F(ab*)2 fragment. 

24. The method of claim 23, wherein the anti-MHC class I l. (ab')2 fragment is a 
F(ab')2 fragment of a monoclonal antibody selected from the group consisting of W6/32. 
PT85. a monoclonal antibody which binds an epitope bound by W6/32 and a monoclonal 
antibody which binds an epitope bound by HT85. 

25. The method of claim 21 , wherein the cell is contacted with at least one peptide 
which binds to an MHC class I antigen. 

26. The method of claim 1 7, wherein the immunosuppressive drug is cyclosporin 

27. The method of claim 1 7, wherein the immunosuppressive divg is FK506 or 
RS-61443. 

28. The method of claim 1 7, wherein the immunosuppressive drug is administered 
m conjunction with a steroid or a chemothcrapeutic agent. 

29. The method of claim 28. wherein the steroid is selected from the group 
consistmg of prednisone, methylprednisolone and dexamethasone. 

30. The method of claim 28, wherein the chemothcrapeutic agent is selected from 
the group consisting of azathioprine and cyclophosphamide. 

31. The method of claim H. wherein the immunosuppressive drug is administered 
to the subject for a period of time sufficient to induce tolerance to the cell in the subject 

32. The method of claim 3 1 , wherein the immunosuppressive drug is 
administered to the subject for not less than three days and not more than three months 
toUowing administration of the cell. 
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33 . The method of claim 3 1 . wherein the iminunosuppressive drug is 
administered to the subject for not less than one week and not more than one month 
following administration of the cell. 

34. A method for transplanting a cell into an allogeneic or xenogeneic recipient 
subject such that rejection of the cell by the recipient subject is inhibited, comprising: 

a) administering to the subject a cell having at least one MHC class 1 anUgen 
on the cell surface which stimulates an immune response against the cell in the recipient 
subject, wherein the at least one MIIC class I antigen on the cell surface is altered prior to 
transplantation; 

b) administering to the subject cyclosporin A 

35. The method of claim 34, wherein the cell is contacted with at least one 
molecule which binds to an MHC class 1 antigen. 

36. The method of claim 35. wherein a molecule which binds to the MHC class I 
antigen is an antibody, or fragment or derivative thereof, which binds to the antigen but docs 
not activate complement or induce lysis of the cell. 

37. The method of claim 36, wherein the antibody, or fragment or derivative 
thereof, is an F(ab')2 fragment. 

38. The method of claim 37, wherein the anti-MHC class I F(ab')2 fragment is a 
F(ab')2 fragment of a monoclonal antibody selected from the group consisting of W6/32. 
PT85, a monoclonal antibody which binds an epitope bound by W6/32 and a monoclonal 
antibody whieh binds an epitope bound by PT85. 

39. The method of claim 34, wherein the cell is contacted with at least one peptide 
which binds to an MHC cla.ss I antigen. 

40. The method of claim 34, wherein the cyclosporine A is administered in 
conjunction with a steroid or a chemotherapeutic agent. 

41 . The method of claim 40, wherein the steroid is selected from the group 
consistmg of prednisone, methylprednisolone and dexamethasone. 

42. The method of claim 40. wherein the chemotherapeutic agent is selected from 
the group consisting of azathioprine and cyclophosphamide. 
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43. The method of claim 34. wherein the cyclosporlne A is administered to the 
subject for a period of time sufficient to induce tolerance to the cell in the subject 

44. The method of claim 34. wherein the cydosporine A is administered to the 

5 subject for not less ihan three days and not more than three months following administration 
of the cell. 

45. The method of claim 34, wherein the cydosporine A is administered to the 
subject for not less than one week and not more than one month following administration of 

10 the cell. 
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